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Reference [1] presents experimental results on the quantitative determination of the isotopic ratios of Rb atoms in a sample using Four-Wave-Mixing. While discussing the shift in the resonance peak due to the laser field, the Authors cite Ref. [2] as a source on the ac Stark shift. As we show below, this citation is not appropriate.
We explain this by giving a brief historical account for the Stark shift, starting from its first discovery with static electric fields and ending with the ac Stark shift, which takes its name based on the analogy to its static counterpart. Some key references are given throughout. Then, we heuristically explain the content of [2] , thereby claryfing why its citation is not suited for [1] .
The so-called Stark shift was first observed experimentally, and independently [3] , by J. Stark [4] and A. Lo Surdo [5] in 1913. It consists in the energetic displacement of some atomic energy levels, due to their interaction with a static electric field, and was expected as the analogue of the magnetically induced Zeeman shift. Quantum-mechanical calculations [6] [7] [8] surpassed classical explanations and the Stark shift offered additional strong support for the quantum theory, thereby becoming in a short time a standard textbook topic [9] . Two kinds of shifts are often considered: a linear and a quadratic Stark shift, depending on the parity of the wavefunctions which describe the energy levels involved [10] .
The kind of level shift which mostly appears in the modern literature, especially when laser-atom interactions are concerned, is due to the interaction between the atomic levels and the oscillating electromagnetic (e.m.) field which excites a transition, rather than to a static electric field. Its discovery dates back to 1961, just before lasers were introduced in the systematic studies of the interaction of light with atomic levels (e.g., optical pumping) [11] [12] [13] [14] ; at the time, the energy shifts were minimal and difficult to detect. The use of lasers rendered the e.m. field-induced shifts much more visible by allowing substantial frequency shifts [15] . Lasers also permitted the time-resolved detection of the electric-field-induced linear Stark shift in molecules [16, 17] .
In the semi-classical picture, the simplest representation of the so-called ac Stark shift amounts to the diagonalization of the hamiltonian of a two-level atom in the presence of a classical e.m. field resonant (or quasiresonant) with the transition. The interaction results in a superposition of states whose energy difference includes the strenght of the e.m. field and, as such, the problem can be treated at the level of a standard quantum mechanics textbook (cf., e.g., [18, 19] ). Similar results were known from two-level spin systems [20] for which an explicit mathematical solution to the problem of a spin subjected to a radiofrequency pulse was found [21] .
The equivalence between an effective hamiltonian and a fictitious Stark field, from which the name ac Stark shift originates -name already introduced in 1962 [14] -, is discussed in detail in [22] . While the effect is widely known and can be found in any textbook discussing atoms (two-or multi-level) in interaction with a coherent e.m. field, its name is far from being unique. This may, on occasion, cause some confusion.
In the context of laser physics, a preferred term is Rabi shift or Rabi flopping, due to the analogy drawn with spin systems [20] , as can be found in [23] [24] [25] . The term dynamic Stark effect is used in [26, 27] (or dynamic Stark splitting [26] ) which alludes to the fact that the energy shift comes from an e.m. field (the oscillatory nature being identified by the adjective dynamic), rather than from a static electric field. The term quadratic ac Stark shift of a level -which hints to the nature of its dependence on the square of the e.m. field amplitude -is used to identify the interaction between e.m. fields and atomic levels in [28] , while the term radiative level shift -where radiative refers to the interaction with e.m. radiationcan be found in similar contexts both in published papers as well as in textbooks [27] . Finally, a very popular term, preavalent in modern atomic physics and used to identify the atomic level shift, is Light Shift (cf., e.g., [27, 29] . A very detailed discussion of the topic is found in [29] and the reader is encouraged to consult this book for further details.
The work reported in Ref. [1] finds its place in the framework of the level shift induced by the laser beam and therefore alludes to the ac Stark shift of [22] . Ref. [2] , instead, discusses the ac Stark shift which a laser selfinduces during its operation. While it is intuitively to be expected that the intracavity e.m. field should have an effect onto the material which generates the field itself (as it can be most easily imagined in an atomic or molecular system [2] ), neither its calculation nor its actual influence are straightforward to picture. An intuitive description of the level shift immediately poses the problem of the self-induced detuning which appears as soon as the level is shifted. A heuristic answer becomes soon extremely complex, since such detuning may play the role of an additional loss if the frequency is shifted towards the wings of the resonance. One may be tempted to discard the idea by arguing that self-stabilization (i.e., the need for preserving the operating conditions) should guarantee that the effect remains negligible, but a form of extrernally induced shift is well-known in optically-pumped molecular lasers, where the frequency of the pumping laser needs to be dynamically adjusted as the pump level is changed [2] . Qualitative, iterative estimates of the frequency shift induced on a laser by its own ac Stark shift are also not very reliable, since the amount of level shift may lead to improbable results.
Self-consistent calculations, though difficult, become therefore a necessity. In [2] a mathematical technique based on a co-dimension 2 analysis of the laser bifurcation, where all the basic approximations normally made to obtain laser models are abandoned, has been employed to self-consistently obtain the amplitude-frequency coupling in a laser. The final result, eqs. (18) in [2] , shows that indeed the laser frequency shifts whenever the intracavity e.m. field strength changes. The amount of shift turns out to be related to the traditional level shift obtained from atomic physics [18, 19] through two multiplicative coefficients, where one is shown [2] to be nearly constant (its value being nearly 0.5 for all kinds of lasers), while the second one represents a weighted average between the cavity and the material linewidth. Numerical estimates show [2] that for most lasers the prefactors lead to a strong reduction of the self-induced frequency shift as compared to the one expected from atomic physics calculations, convincingly explaining the reason why the effect has remained undetected and the topic neglected for half a century.
In conclusion, various kinds of atomic/molecular level shifts are known, either induced by an electric field (Stark shift) or by an e.m. field (e.g., a laser). The latter class of level shifts takes a variety of names, but the basic physics is the one very well explained in many standard Quantum Mechanics textbooks (e.g., [10, 18, 19] ).
